It is a generally accepted fact that nitrogen fixation is an expensive, energy-consuming process (11) . N2 fixation is inhibited by several mechanisms in the presence of combined nitrogen (6, 11) . In Azospirillum spp., partial inhibition of acetylene reduction activity was demonstrated in batch cultures containing 0.05 mM ammonium chloride (5, 7) . In Azospirillum brasilense Sp7, rapid and total inhibition occurred at 1 mM ammonium chloride (7) . Continuous culture studies on Azotobacter chroococcum (2) and Klebsiella pneumoniae (12) demonstrated acetylene reduction if 1 mM ammonium succinate was given in the reservoir medium, but no ammonium could be detected in the supernatant of the growth vessel. With increasing NH4' concentrations in the reservoir, acetylene reduction decreased. Those authors concluded that nitrogenase was inhibited only when sufficient amounts of NH4+ were available to the sulfate-limited cultures (2, 12) .
The carbon sources for associative nitrogen fixation in the rhizosphere are presumably the exudates of roots. If one assumes that the exudates are released at a more or less constant rate at low concentrations and that growth of chemoheterotrophic microorganisms in the rhizosphere is energy limited, then a carbon-limited continuous culture is a better model than are batch cultures with high substrate concentrations (10) .
Therefore, we investigated the influence of ammonium-N on N2-fixing rhizosphere microorganisms in a carbon-limited continuous culture. A. brasilense Sp7 was obtained from the Deutsche Sammlung von Mikroorganismen (DSM 1690). Strain R7 was isolated from rice (Oryza sativa L.) soil (from Korea) in continuous culture containing L-malate as the carbon source (9) . Strain R7 is a gram-negative diazotrophic rod with still uncertain identification. It belongs to the RNA superfamily IV and has a base composition of 66% G+C (4). Strain MB 35 is a gram-negative diazotrophic rod and was isolated from rice soil (from Brazil) in continuous culture in the medium described below. A variety of biochemical tests was performed for both isolates, but the strains could not be unambiguously assigned (data not shown). The three strains fixed nitrogen under microaerobic conditions only.
Organisms were grown in continuous culture (4, 8) with controlled pH, oxygen concentration, and temperature. Constant microaerobic oxygen concentrations were main-* Corresponding author.
tained by mixing a constant flow of N2 and a regulated flow of artificial air (80% N2, 20%02).
Nitrogen-free medium (4) For each organism, four steady states were obtained with variation of the NH4Cl content of the medium in the reservoir at 0, 1.1, 2.2, and 9.3 mM. For the steady states with 1.1 and 2.2 mM NH4Cl, 84.3% 5N labeling was used to discriminate between nitrogen fixation and growth on ammonium.
Each steady state was sampled twice with at least 12 h difference. Protein content was measured by the micro-Goa method with Benedict's reagent (1) . Total N of cultures was measured after micro-Kjeldahl digestion (1) . Determinations of the carbon source in the sterile filtered supernatant were done by enzymatic assays (L-malic acid assay [Boehringer GmbH, Mannheim, Federal Republic of Germany] and glucose assay [Sigma, Deisenhofen, Federal Republic of Germany]). Ammonium content of supernatants and neutralized Kjeldahl digestion samples was measured by an enzymatic assay as well (ammonium assay; Boehringer GmbH). 15N abundance of the appropriate cultures was estimated by emission spectrometry (15-N-Analysator, NOI 5; Straton, Jena, German Democratic Republic) (3). Samples containing 7.5 ,ug of N were freeze-dried, evacuated together with CaO and CuO at 0.02 millibar, sealed, and heated at 550°C for 6 h (Dumas reaction). Each analysis was done twice, leading to four replications for each steady state. The variations among the replicas were small (below 10% of the measured value).
The data measured at the various steady states are presented in Table 1 . From these data, the gain of N by N2 fixation (Table 2 ) was calculated by the following three different ways: (i) from the total N data (Kjeldahl digestion), nitrogen fixation was calculated as the N derived from other than the reservoir medium; (ii) dilution of the 15NH4Cl (84.3% 15N labeling) was calculated from the reservoir by nitrogen fixation with 0.36% 15N (natural abundance); (iii) nitrogen fixation was calculated from the protein content assuming that the protein-to-N ratio was 6.25:1 and that only minor amounts of other N compounds were present. This assumption is correct for isolate R7, if the organism is growing under nitrogen-fixing conditions (4) . Carbon limitation occurred for all steady states with A. brasilense Sp7 and isolate R7. The situation was not as clear at low ammonium chloride concentrations with isolate MB 35, because remaining glucose was found in the supernatant. Injection of additional glucose led to an increase in optical density and protein content, which indicated that the cultures were C limited.
In comparison to the 15N dilution and the measured protein content, the results of the Kjeldahl digestion seemed to underestimate the N gained by nitrogen fixation ( Table 2 ). The same effect was indicated by the recovery of only 65 to 75% of the N given in the 9.3 mM steady state (Table 1) . For all organisms, the data show that simultaneous growth on both ammonium chloride and N2 as nitrogen sources was possible at molar C-to-N ratios of 1:68 and 1:34 (1.1 and 2.2 mM NH4Cl, respectively). Nitrogen fixation decreased with the increasing availability of ammonium chloride. When nitrogen fixation was demonstrated, no remaining ammonium could be measured in the supernatant (Table 1) . These data are in agreement with the results of continuous culture studies on Azotobacter chroococcum and K. pneumoniae (2, 12) . We were able to show not only that nitrogenase activity was present but that fixed dinitrogen became a substantial part of the biomass. We conclude that NH4Cl concentrations do not reach levels at which they inhibit nitrogenase activity, because NH4Cl is used by the bacteria during simultaneous nitrogen fixation. Additional N is obtained through nitrogen fixation as long as the amount of available NH4Cl is too small to enable the maximum conversion of the carbon source into biomass. For the investigated microorganisms, this is true if the molar N-to-C ratio is above approximately 1:20 (extra- polated from the '5N data at the 2.2 mM NH4Cl steady states). Therefore, nitrogen fixation in the rhizosphere does not appear to be dependent on the total absence of N sources other than N2.
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